Introduction
In this paper we report on the application of a double barrier resonant tunneling diode (RTD) to electroabsorption modulator (EAM) devices [ 1,2,3] and in particular the electric field switching which is the basis of the operation of the device. We have been investigating this as an alternative to conventional EAM devices which are currently employed in optical communication systems and where the electric field is switched by employing a reversed biased pin diode. The key advantage of the RTD-EAM over the conventional pin-EAM (for a recent review of conventional pin-EAMs see [4] ) is that the RTD-EAM can provide electrical gain over a wide bandwidth and thereby achieve a low-drive voltage, high speed operation.
2.
The key difference with the RTD-EAM is that the tunneling characteristics of the double barrier RTD (DBRTD) are employed to switch the applied electric field. -see figure( 1) for schematic of the current -voltage curve produced by the RTD. The electric field is produced in a depleted drift region and it can be obtained as function of position E(z) at a constant current density J from the one dimensional Poisson's equation as follows:
Electric field switching with an RTD dE=t("._")
where E is electric field in the depleted spacer layer, z is distance, e electronic charge, E dielectric constant and J current density, Nd is the doping density in the depleted layer and vsat is the saturation velocity of carriers across the depleted layer.
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Where Eo represents the electric field at the injection plane z=O at the boundary between the RTD and the depleted layer and, e the magnitude of the electronic charge, E is the dielectric constant of the material. From the above equation we can derive an expression for AE , the switched electric field. 
Experimental
The low frequency current-voltage characteristic of the RTD-EAM was measured using a semiconductor parameter analyser. The change in the optical absorption spectrum of the waveguide modulator was measured as the device was operated at various points on the I-V curve. The results from optical measurements are shown in Figure ( 
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Caption Figure ( 2) shows the absorption spectra a1 varioud points in the I-V curve
Comparison with theory
Considering a 4 x 200 pm active area InAlGaAs RTD-EAM device with measured values of AVd around 0.8V , with peak to valley current difference AJp-~13kAcm-2, taking &=14& , vSat=1x 1O'cds and the depletion region W=SOOnm (determined by the doping profile) then using equation 3 we find that the predicted switched electric field AE=43kV/cm. The electric field deduced from the observed band-edge shift in figure(2) is 38kV/cm which is within 12% of the predicted electric field. .
Conclusions
We conclude that the RTD provides a new type of electric field switching for optoelectronic devices. We have discussed a new model for predicting the magnitude of the switched electric field which gives reasonably accurate estimates of the observed electric field (as deduced from the band-edge shift). The band-edge shift was employed to obtain a maximum modulation of 28dB at 1565nm in a device with an active region length of 200pm , with the device DC biased just below V, and 1V applied [2] . In a similar device [3] , based on AlGaAs, modulation was achieved at up to I~G H z , ,pulses of 30ps could be produced and self-oscillation was observed [5] .
The electrical characteristics of the RTD are well suited for digital modulation and can be combined with recent developments in RTDs for purely electronic applications to develop a new high-speed digital technology. Driving many of these developments is the intrinsic high speed of the tunneling process which has already been demonstrated to operated at up to over 7OOGHz and could be harnessed in a combination of optoelectronic and electronic devices to provide the high speed communication, memory and processing required by the next generation of information technology.
In the paper we will also report on optical and electrical packaging of the device.
